SUMMARY In order to learn more about stretch reflex behaviour of triceps surae, normal human subjects sat in a chair with one foot on a platform attached to a torque motor that produced phasic dorsiflexion displacements of the ankle. EMG activity was recorded from triceps surae and responses were obtained for various conditions. When the subject's foot was relaxed, stretch of triceps surae produced a single EMG component at short-latency which increased in magnitude with increasing velocity of stretch. The response was not altered if the subject was asked to plantarflex or dorsiflex the ankle voluntarily when he felt the perturbation. It was reduced by vibration of the Achilles tendon. If the triceps surae was stretched while the subject plantarflexed his ankle, the short-latency response was followed by one and sometimes two long-latency responses. Like the short-latency reflex when the foot was relaxed, none of these responses was altered by the subject's planned movement after feeling the perturbation. All of the responses were suppressed to a similar degree by vibration. The long-latency reflexes depended on longduration of stretching and relatively slow acceleration of stretch. The reflexes persisted after anaesthesia to the foot suggesting that muscle afferents were responsible. Interactions between H-reflexes and stretch-reflexes revealed that the afferent volley producing a stretch reflex acted like the afferent volley producing a small H-reflex. Responses at an interval of 30 ms to both an electrical stimulus for an H-reflex and a stretch stimulus were possible if the electrical stimulus produced only a small H-reflex and if the subject had been plantarflexing the ankle. The shortlatency reflex when the foot was relaxed or exerting a background force appears to be the monosynaptic, Ia mediated stretch reflex. The physiological properties of the long latency reflexes are similar to those of the short-latency reflex, and they may represent, at least to a certain extent, response of the motor neuron pool to successive Ia bursts.
Stretch of contracting muscle produces a series of responses. The first, at "short-latency", has usually been shown to be equivalent to the monosynaptic reflex. If the muscle is active at the time of the stretch then there will be one or more "longlatency" responses following the early response, first seen by Hammond,' which also appear to be reflex in nature. Following these responses are additional events which can be strongly influenced by voluntary intent. The precise role of the short and long-latency responses in control of movement is unclear; speculations include the idea of a mechanism to control functional stretch reflex by Melvill Jones and Watt'" and the post-myotatic response by Gottlieb and Agarwal9 comes at a latency of 120 ms. The functional stretch reflex depends in large part on intent and thus seems to be voluntary, but there are some differences from ordinary voluntary responses which will be discussed later. Nashner '2 has identified a stretch response at about 100 ms latency in ankle muscles of standing man that he calls the functional stretch reflex but proof of its analogy to the functional stretch reflex of Melvill Jones and Watt, or to long-latency reflexes seen in other muscles, is lacking.
Quantitative analysis of the effect of different mechanical parameters of the stretch on the magnitude of components of the long-latency responses in the long thumb flexor has suggested that long, slow stretches produce larger responses.'3 For this reason we began to study responses to stretch of the triceps surae at velocities which are slower than those previously studied in order to attempt to identify long-latency responses more analogous to those seen in upper extremity muscles. It is relevant to observe in this regard that in walking the maximal rate of rotation of the ankle is 2000/s and these rates are lower than those studied previously. It has turned out that long-latency reflex components do appear with these slower stretches.
Materials and methods
Twenty normal subjects (aged from 20 to 40 years) sat in a chair with one foot, usually the left, strapped to a platform wi'th the hip and knee at 90 degrees. The base of the chair was connected to a large metallic frame into which was incorporated a torque motor (Magnetic Technology P/N H5500-750-040). Connected to the shaft of the motor was the platform for the foot. A system of platform supports was adjustable to enable alignment of the ankle's "axis of rotation" with the platform's axis of rotation. An infinite resolution plastic film potentiometer (Bourns Model 6674, Custom Precision) attached to the shaft was used as an angular position transducer. An angular velocity transducer which was a permanent magnet DC Tachometer (Servo Tek SA 72474-2 Size 11) also was attached to the shaft. The torque produced between the motor and the platform was measured by a custom designed strain gauge and this information could be made available to the subject by deflection of a meter needle.
The platform attached to the torque motor was controlled by computer and made quick dorsiflexion movements at specified peak velocities (100-250o/s). The peak vel- ocities were attained at 50-100 ms into the course of the movement. The starting angle and termination angle could be independently specified. The computer produced a position command signal which was summed with the angular position and angular velocity in an analogue network to generate a position error-signal. The error signal was supplied to a 525 Watt 5 Hz to 17 000 Hz) which contained an at-the-site differential preamplifier. The small size of preamplifier allowed it to be placed on the skin above the muscle being monitored. The ground electrode was a Beckman silver-silver chloride, usually placed on the knee. The EMG signals were full wave rectified and then filtered by a second order low-pass Butterworth filter which reduced the signal by 3 db at 90 Hz. The EMG signals, the angular positions of the foot and the torque on the platform were sampled by the computer at 2 ms intervals.
For the quantitative analysis of the EMG responses we have described the stretches in terms of peak acceleration rather than velocity, because commands for greater velocity produced an earlier peak of the velocity as well as an increase in velocity, so that acceleration was a better descriptor of the mechanical perturbation. In addition, the platform began to move slowly so that it was often difficult to specify the precise onset of the perturbation; for this reason the latency of the EMG responses was measured from the electronic command to move the platform to the onset of the EMG response. This clearly overestimates the true biological latency. The duration of each EMG component was measured by visual inspection. The amount of EMG activity in a component was calculated by integrating the rectified and filtered EMG record using the computer. At the beginning of the experiment the subject was asked to press against the pedal with maximal strength. The extent of needle displacement on the torque meter and the amount of EMG activity was noted. This "maximal EMG activity" was also integrated using the computer. The integrated EMG activity in a component of a stretch response could then be measured as a percentage of the maximal EMG activity. This value was calculated by dividing the ratio of integrated value of the response to the duration of the response by the ratio of the integrated value of the maximal EMG activity to its duration and multiplying times 100. At other times we calculated the magnitude of a response by dividing the integrated EMG of the response by the ratio of the integrated value of the maximal EMG activity divided by its duration (without taking into consideration the duration of the EMG response). The first method produced a number related to an average increase in EMG activity over the time of the response while the second method produces a number related to the absolute amount of EMG activity in the response without regard for its duration. There were no major differences in results of any experiment with these two techniques and all of the results in the paper utilise the first method.
Each' specified velocity of stretch was repeated 10 times in a random sequence and the results were separately averaged. Four A quantitative analysis of the magnitude of the short latency reflex and the two long latency reflexes (C) Vibration The short latency reflex was reduced in 10 different subjects is shown in fig 4. The by a vibration of the Achilles tendon or of the magnitude of the short latency reflex was greater tibialis anterior in all the subjects tested. The degree than that of the two long-latency reflexes, and than of inhibition of the reflex depended on the pressure the short-latency reflex without background force. of the vibrator on the limb.
The first long latency reflex increased in magnitude Fig 6 Behaviour oflong-latency reflexes during voluntary task. In "push" the subject exerted a plantar-flexion when he perceived the perturbation, and in "assist" a dorsi-flexion. Long-latency stretch reflexes also have been observed when the position of the hip and the knee was varied from 90°-120°, but were absent when the subjects exerted a dorsiflexion torque instead of a plantarflexion. The dorsiflexion torque also produced an inhibition of the short-latency reflex.
Long-latency reflexes were always present when the average of 10 single stretches was 30 , 60 and 90 which occupied stretch reflexes were present in all the subjects with long-duration ( 1 0 ms) and slow velocity of stretches (100 degree/s), but were absent with short duration (50 ms) and fast velocity (250 degrees/s) stretches.
EXPERIMENTAL PARADIGM IV (1) A maximal H-reflex produced before an expected stretch reflex inhibited the stretch reflex when the interval between the stimuli for the H-reflex and the stretch reflex was less than 170 ms. (Since the latency of the H-reflex is approximately 30 ms and the latency of the stretch reflex approximately 60 ms the latency difference between the expected responses is 30 ms more than the interval between the stimuli.) The degree of inhibition increased as the interval decreased and became complete when the interval was less than 50 ms. This was true both at rest and with background force. A minimal H-reflex produced by stimulation at the time of stretch (interstimulus interval of 0 ms) inhibited the stretch reflex when the ankle was at rest but had little effect on the stretch reflex when the subject was exerting background force. Hence for short interstimulus intervals the only way to get a stretch response was for the H-reflex to be minimal and for the subject to be exerting background force (fig 9) . (2) At rest, a stretch reflex produced before an expected H-reflex inhibited the H-reflex when the interval between the stimuli was less than 230 ms. (The latency difference between the responses was 30 ms less than the interval between the stimuli.) The degree of inhibition increased as the interval decreased and became complete even for a maximal H-reflex, when the interval was less than 110 ms. When the subject was exerting background force, however, a stretch response produced by a stretch 60 ms prior to the stimulation for the H-reflex did not inhibit even a minimal H-response. Hence for short intervals a stretch response inhibited a maximal H-reflex at rest, but not even a minimal H-reflex with background force (fig 10) . (3) '5 but it is a useful division of different types of phenomena and has been utilised by many previous investigators.2 4 
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The short-latency reflex has a latency comparable to the ankle jerk, it increases in magnitude with increased acceleration of stretch and is completely suppressed by vibration. These features are consistent with the monosynaptic reflex mediated by group la afferents, similar to the ankle jerk itself. The latency is longer than the ankle jerk, but the stretch stimulus is much slower in onset than is a tendon tap. Some of this slowness is purely mechanical coming from the delay of the torque motor after the controlling input, but some could also be biological since the rate of muscle stretching is much slower. The notion that the short-latency reflex is Ia mediated is supported by the similarity of behaviour of this response and the H-reflex. The H-reflex has been demonstrated to result from monosynaptic activation of alpha motorneurons via la afferents similar to the tendon jerk. '6 The H-reflex is not identical to the tendon jerk (for example, the duration of the Ia afferent discharge is different)," but the extent to which the H-reflex and the shortlatency reflex are similar is likely to be due to the dominant Ia afferent effects. The short-latency reflex can be suppressed by a prior H-reflex and the H-reflex can be suppressed by a prior H-reflex. The same excitability curve, similar to that demonstrated by many previous investigators for two H-reflexes,8-20 has been demonstrated for all these circumstances. The conclusion that the short-latency reflex is a Ia mediated monosynaptic reflex is shared by previous investigators.8 10
STRETCH-REFLEXES DURING BACKGROUND FORCE
Several successive EMG responses were recorded if triceps surae was stretched while the subject applied a plantarflexing torque on the pedal. The first response, the short-latency reflex, had the same duration and latency of the short-latency response obtained without background force. It increased in magnitude with increased acceleration of stretch and it was totally suppressed by vibration. Presumably it was the same response as that seen without background force.
Following this short-latency response, an initial long-latency response was present in every subject and a second long-latency response was present in 40% of subjects. These long-latency responses preceded another response which was modifiable by intent and which we consider voluntary. This voluntary response was similar to that seen without background force. The long-latency responses which appeared before this voluntary response were not modified by prior instructions and, therefore, can be considered reflex or automatic components similar to the short-latency responses.
The behaviour of these long latency responses with changes in acceleration of the stretch was different from that of the short-latency reflex. In fact while the short-latency reflex increased in magnitude in a roughly linear fashion, the first longlatency response showed less pronounced increase at faster acceleration while the second one tended to disappear. These components have not been clearly demonstrated before. Gottlieb and Agarwal8 9 found a small response following their short-latency response which never was comparable in magnitude with these long-latency responses. In addition, the behaviour was different in that their second response continued to increase with increasing velocity. These long-latency reflexes depended on voluntary background force being present when the stretch was applied. This suggests that the increase in excitability of the motor neuron pool due to central drive is responsible for their appearance.
The The quantitative aspects of the long-latency reflexes become understandable with the assumption that we are dealing with multiple Ta bursts. With faster accelerations the first long-latency response begins to plateau and the second long-latency response disappears. This presumably is due to the fact that with larger early components the later components become suppressed; when an early component uses part of the motor neuron pool, this part is unavailable for a later component. The earlier appearance of the second long-latency reflex with respect to the first long-latency reflex, with faster stretches could be due to an earlier third Ia burst.
The long-latency responses seen in triceps surae have obvious similarities to long-latency responses seen in other muscles. The relative latencies of the components are similar. The frequency of appearance of the first and second long-latency reflex in triceps surae is similar to the frequency of appear-Berardelli, Hallett, Kaufmnan, Fine, Berenberg, Simon ance of M2 and M3 in wrist flexors and extensors.45' Another similarity is that a long duration of stretching is required for later components in the wrist muscles49 as well as in the triceps surae. In addition, reduction of cutaneous and joint afferent input by means of ischaemia has been shown neither to influence the long-latency reflexes in the flexor hallucis longus, nor those in the triceps surae.
There are differences between the long-latency reflexes found in the triceps surae and those in other muscles. The effect of vibration is the most distinct difference. Reduction of cutaneous and joint afferent input, by means of ischaemia, reduces the longlatency responses in the long-thumb flexor,23 while the responses from the triceps surae are unaltered. Also, while each long-latency component in the triceps surae does not appear on each individual trial, these components do appear regularly after each stretch of the long-thumb flexor (unpublished observation by Bielawski in our laboratory).
The differences in physiology of long-latency reflexes in different muscles shows that all longlatency reflexes are not the same. The similarities indicate that some of those mechanisms may be shared between all the long-latency reflexes. One of these mechanisms might be the multiple la burst phenomenon which sets a background on which other mechanisms can operate. 
